Among domestic animals, cattle and horses kept on pasture and fed with hay and straw are exposed most prominently to environmental pollution. Determination of the status of heavy metals in bodies of horses is important for two reasons. Firstly, it helps to assess the level of environmental contamination. Secondly, heavy metals can have considerable influence on animals living outdoors. The aim of the study has been to verify whether the level of Cr, Mn, Cu, Cd, Pb and Ni in the coat hair and cornified structures of hooves may differ between horses maintained alternately in a stable and on pasture and living outdoors all year long, with Polish Koniks from Mazury (the Masurian Lake District) taken as an example. Possible effects of the feeding season and age of horses were considered.
INTRODUCTION
Out of domestic animals, cattle and horses maintained on pasture and fed with hay and straw are most prominently exposed to the environment pollution (ZNAMIROWSKA et al. 2004) . Chemicals affect animals through the digestive and respiratory systems, as well as through the skin, hair and horn. The concentration of heavy metals is analyzed most often in blood, since the material can be collected in vivo (SUTTLE et al. 1996) . However, the plasma content changes frequently, being highly influenced by the physiological status of a given organism (JAOEKOWSKI et al. 1993 ). The material showing more persistent concentration of elements in horses and easily sampled is the hair and hoof horn (WICHERT et al. 2002 , ASANO et al. 2005 ). The content of some heavy metals in hair is influenced by the feeding season and -in some cases -by the age of an animal (CIEOELA, JANISZEWSKA 1997 , 2000 . The hoof horn grows continuously and special means would be necessary to determine which part appeared in a certain season of the year (STACHURSKA et al. 2009 ). However, the horn can probably absorb some elements from the ground at a rate that differs from season to season, depending on the presence of grass, mud, snow, etc.
The Polish Konik horses are a unique primitive breed, which originates from wild Tarpans living in the Central Europe and becoming extinct in the late 18 th century. They are bred under stable-pasture conditions, outdoors on a pasture or paddock all year long or a free-ranging animals in Polish reserves, mainly in the regions called Mazury (N-E Poland) and Roztocze (S-E Poland). The environment around the largest Polish Konik breeding centers in Poland is dominated by forests and is assumed to be clean. The issue of the heavy metal status of horses is important for two reasons. First, it will attest whether the environmental contamination is low. Second, it will demonstrate how the given pollution affects animals living outside stables. According to KRUMRYCH et al. (1995) , the Polish Koniks are highly responsive to environmental changes. However, the latest study by STACHURSKA et al. (2009) performed on the Polish Koniks in Roztocze National Park indicates that the heavy metal concentration in hair is only slightly affected by seasonal changes in the feeding. The generally low concentration the elements does not reveal possible influence of the differences between the reserve and stable-pasture maintenance systems or the animals' age.
The aim of the study has been to determine if the levels of Cr, Mn, Cu, Cd, Pb and Ni in the coat hair and hoof horn may differ between horses kept in a stable and on pasture versus the ones living outdoors, on pasture, all year. The Polish Koniks in Mazury served as an example.
MATERIAL AND METHODS
In total, 35 Polish Konik horses were examined: 21 in Popielno (9 dams, 12 foals) and 14 in Wojnowo (8 dams and 6 foals) in the Mazury region. The samples were taken twice at six-month interval, hence sucklings became yearlings in the second year. In total, there were 17 dams, 12 yearlings and 18 sucklings. The horses were clinically sound during the collection of the material.
Popielno lies 20 km away from Wojnowo. The horses examined in Popielno were maintained under stable-pasture conditions, whereas those in Wojnowo were kept outdoors. The maintenance conditions could differ in three aspects: the length of the time when horses stayed outdoors (connected with a possible impact of heavy metals in the air, rain, snow and ground), the content of elements in the feed and their content in drinking water.
In summer, the horses are on pasture all day and night in both centers. In Popielno, during winter, they are mainly in a stable, released to a paddock for a few hours a day. In Wojnowo, during winter, they stay on pasture all day and night. With respect to their nutrition, in neither of the centers the horses are fed additionally in summer. In winter, they are given oats, hay and some straw in Popielno. They also receive some carrots in November and December. In winter, in Wojnowo, they eat dry grass which remained after autumn on the pasture. Sometimes they have to dig it out from under the snow cover. Hay and some straw are given when the snow cover is thick. In Popielno, the horses drink water taken up from a water supply system and poured to a bath, as well as rainwater collected in ditches. In winter, they are given water from the supply system. In Wojnowo, the horses drink water from natural small ponds and ditches all year long. If they are frozen, the horses are given water taken from a supply system.
Sixty-two samples of coat hair (34 from the stable-pasture and 28 from the outdoor system; 28 in summer and 34 in winter; 18 from sucklings, 12 from yearlings and 32 from dams) and 28 samples of hoof horn were collected at the beginning of October and in the April next year. The hoof horn was collected from dams and sucklings in October. Simultaneously, three samples of plants from different pastures and seven samples of water from various sources were taken. The coat hair was cut from the horses' neck under the mane. The autumn coat shedding in Polish Koniks living in reserves begins in late August and lasts till mid-October (DETKENS 1967 , STA-CHURSKA et al. 2006 . The winter coat is shed from January until June. Hence, two main seasons of feeding were distinguished: summer season and winter season. The October samples contained the hair grown during the summer feeding and the April samples during the winter feeding. The horn was trimmed from the toe of a front hoof during routine trimming. The pasture plants, the major feed in summer and used for making hay for the other seasons, as well as all the water sources available for the horses were examined to randomly assess the heavy metal pollution of the environment. The plants were cut from 1 m 2 squares from sites most often grazed by the horses. The water samples were collected in plastic vessels.
The coat hair and hoof horn samples (the latter after fragmenting) were washed in 1% Triton-X100 solution and acetone. Then, they were rinsed three times in redistilled water, air-dried, crushed and homogenized. 0.5 g samples weighted at ±0.0001 accuracy were digested in a Multiwave 3000, Anton Paar microwave stove. The level of Cr, Mn, Cu, Cd, Pb and Ni was determined in an atomic absorption spectrometer SpectrAA 220Z (electrothermal atomization, Zeeman background correction), Varian. Samples of plants were air-dried, crushed and homogenized. They underwent a similar mineralization procedure before determination of the heavy metal content as hair and horn samples. The water samples were filtered through a 0.45 µm Milipore filter. The AAS method was used directly after collecting the samples to define the heavy metal levels.
The SAS procedure, 9.1 version, was used to perform a multi-factor analysis of variance. The following effects were investigated: the maintenance system (stable-pasture, outdoor), the feeding season (summer, winter) and the horse's age (dam, yearling, suckling) . The data were reported as means ±SD (Standard Deviation). Multiple T-Tukey-Kramer test was performed to identify homogenous groups. The heavy metal levels in the hair and hoof between dams and their sucklings, between dams and yearlings, as well as between the hair and the horn, were analysed with Pearson's correlation coefficients.
RESULTS
Mean concentrations of heavy metals in the coat hair and hoof horn in Polish Konik horses, as well as in pasture plants and water available for the horses, are shown in Table 1 . The Ni content in the samples was below the detection level. Since the concentrations were determined in completely different materials, they were not compared statistically. The Mn level was higher in the hoof compared to the hair, whereas that of Cu was lower. The content of the other elements in the hair and hoof was in a similar range. In pasture plants, Mn and Cd concentrations were relatively higher than in the hair and hooves. The Mn level in pasture plants was particularly high. The mean Cr content in the coat hair in Polish Konik horses was higher in the stable-pasture system than in the outdoor one, but similar in the hoof horn from both groups (Figure 1 ). More Cr was found in the hair grown in winter than in summer. The levels of the elements in the hair did not differ between the age groups. The Cr concentration in hooves was higher in sucklings than in dams. Differences in the Mn level occurred only in the hair between the summer and winter feeding and between the age groups ( Figure 2 ). There was more Mn in winter hair and in yearlings compared to the other groups. The average Cu content was balanced except for the feeding seasons in the hair: it was higher in winter than in summer (Figure 3 ). In the coat hair, relatively more Cd occurred in the outdoor system, in winter and in yearlings (Figure 4 ). In the hoof horn, Cd was below the detection level. Considering the mean Pb content, differences were found with regard to the seasons, as well as to the maintenance systems ( Figure 5 ). There was more Pb in winter hair and in the horn of horses kept in the outdoor system. In the hair, significant correlations were found between the concentration of Cr versus Mn, Cd and Pb, of Mn versus Cd and Pb, as well as of Cd versus Pb (Table 2 ). In the hoof horn, it was only the correlation between Cr and Mn content that proved significant. The correlation between the hair and the hoof in their levels of particular elements was significant only in the case of Cr. The correlation of 0.68 (P<0.01) was found in the Cr level in the coat hair between dams and sucklings in summer. Correlations between the concentrations of the other elements in dams versus their sucklings and yearlings were not significant.
DISCUSSION
Generally, the content of heavy metals in coat hair and hoof horn of Polish Konik horses living in Mazury is low. The chromium levels found in the study are similar to the ones reported previously (ASANO et al. 2005 , ASANO et al. (2005) . According to KOWNACKI (1962) , the Mn level in the hoof horn was 0.8 mg kg -1 in reserve horses and 1.0 mg kg -1 in stabled horses, hence it was severalfold lower than in the present study. SASIMOWSKI et al. (1987) also observed low Mn levels (2-5 mg kg -1 ) in hooves in cold-blood and warm-blood horses. It should be pointed out that Mn plays an important role in bone mineralization and reproduction, hence its deficiency may cause disorders in the organism (CIEOELA 2002) . The Cu concentration in the hair is slightly lower and in the hoof horn similar as in Roztocze (STACHURSKA et al. 2009 ). Meanwhile, the content of copper in the hair is approximately two-fold lower and in the hoof horn several-fold lower than observed by other researchers (SASI-MOWSKI et al. 1987 , CIEOELA, JANISZEWSKA 1997 , 2000 , WICHERT et al. 2002 . It can be suggested that there is some Cu deficiency in Polish Koniks maintained in the two analysed systems. REIWALD and RIOND (2002) show that a traditional ration of oats and hay as well as many commercial feeds do not contain sufficient amounts of copper for adult horses. Cu and Mn are antagonistic elements, although in the present study it does not seem that the high Mn level caused a low Cu content in the environment. Copper deficiency in horses may result in physitis, osteochondrosis, osteoporosis, as well as fracturae spont (GEHRKE 1997) . The Cd level in the hair was slightly lower or not detectable compared to the horses living in Roztocze (STACHURSKA et al. 2009 ) or in Dobrzyniewo in Wielkopolska (CIEOELA, JANISZEWSKA 1997) . Concentrations of Pb are of a similar order as determined in Roztocze and lower than found by ASANO et al. (2005) .
Concentrations of heavy metals in the coat hair and hoof horn of horses maintained in stable-pasture and outdoor systems are in most cases similar. It seems that the element levels, except for Mn in the hoof horn, are too low to show significant differences between the two breeding centers. The two systems, i.e. stable and pasture or entirely outdoors, do not differ in the effect on the horse's status regarding heavy metals. This finding is similar to that determined for stabled and reserve Polish Konik horses in Roztocze (STACHURSKA et al. 2009 ).
In turn, the impact of the feeding season on levels of elements in hair shows that in winter the content of heavy metals is higher than in summer. This regularity appeared both centers (the data not presented in tables due to the paper's limited length). Probably, the differences result from the environmental seasonal changes. In Roztocze, it was only Mn that occurred in higher concentration in winter hair (STACHURSKA et al. 2009 ). CIEOELA and JANI-SZEWSKA (2000) found a higher Cu level in the coat hair in halfbred horses in summer than in winter.
Heavy metals, particularly Mn and Cd, tend to accumulate in higher amounts in hair of yearlings compared to dams or sucklings. In the hoof, the element levels in dams and sucklings are similar in nearly all the cases. In Roztocze (STACHURSKA et al. 2009 ), the Mn concentration was higher in yearlings' hair as compared to dams. In a growing organism, the demand for nutritional components, including minerals, is the highest (GEHRKE 1997) . That may explain the elevated Mn content in the yearlings' coat. However, ASANO et al. (2005) did not find the age effect on the content of heavy metals in the hair.
In general, the differences between levels of heavy metal in the feed versus the hair and hoof horn were small, except an exceptionally high Mn content in plants. It is likely that the Mn and Cd concentrations in the pasture flora are not high enough to accumulate in considerable amounts in the horses' hair and hoof. It has been documented that exposure to elevated levels of heavy metals in the environment is reflected by high concentrations of these elements in horses, although the path from ingestion or absorption to deposition in animals' tissues is not direct (WICHERT et al. 2002 , STACHURSKA et al. 2009 ). Therefore, differences in the degree of heavy metal contamination between the feed and the animal can appear.
In both centers, the water drunk by the horses can be classified as class one (the highest) in the Polish water purity classification system with regard to Cr, Cu and Pb, between class one and two considering the Mn content and class two in respect of Cd (Regulation of the Minister for the Environment, 11 February 2004) . Hence, the water does not pose a threat to the horses in terms of toxicology.
The correlations between levels of different elements are mainly found in the hair, therefore suggesting that in the hooves they can be more strongly dependent on external factors, e.g. concentrations of metals in the ground. Since the concentrations of the analysed elements in the hair and in the hoof were most often not correlated between dams and their foals, it seems that the effect produced by dams is weak.
CONCLUSION
In conclusion, the Polish Konik horses bred in Mazury have low heavy metal concentrations in the coat hair and hoof horn. The stable and pasture or the outdoor maintenance system hardly differentiated the content of elements, whereas the winter feeding resulted in elevated concentrations of the elements in the hair. Yearlings showed a higher Mn and Cd content than mares and foals at foot. The dams' impact on the heavy metal concentration in the hair and hoof horn in their foals is usually negligible.
